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Using an extended version of K.B.M. method we have investigated the effect of finite ion tem-
perature on ion-acoustic solitary waves. Modulational instability has been discussed in a frame
work of nonlinear Schrodinger equation. Some numerical results are also given.

Introduction

Several authors have made attempts to examine
the effect of density gradients on the behaviour of
solitons.

Chen and Liu [1] have investigated the non linear
propagation in an homogeneous medium in the
model of non linear Schrédinger equation. Gell and
Gomberoff [2] studied this in the frame work of
Kdv model.

The effect of finite ion temperature on ion-
acoustic solitary waves has been studied by Shiva-
moggi [3] in a frame work of Korteweg-de Vries
model.

Here we have used the extended version of the
K.B.M. method (see [4], [5]) to study the effect of
finite ion temperature on ion-acoustic solitary
waves and derive a non linear Schrédinger equa-
tion.

Unlike Shivamoggi we did not have to assume
Ppo(x) = (hy(x)) from the beginning. We have also
discussed the effect of the ion temperature and in-
homogeneous terms on the critical values of the
wave number for modulational instability.

It was pointed out by Kakutani and Sugimoto [4]
that ion acoustic waves with short wave lengths are
unstable. More precisely they are unstable for wave
numbers > k. ~ 1.471 (Jp)~', where /p is the Debye
length.

We find that this value is increased distinctly
owing to the presence of finite ion temperature, but
the increment is slow for the presence of an inhomo-
geneous term.

Reprint requests to Prof. Dr. R. K. Roy Choudhury,
Electronics Unit, Indian Statistical Institute, 203 Barrack-
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Mathematical Method

The fundamental set of equations governing the
propagation of non linear ion-acoustic waves for a
collision-less plasma composed of a warm-ion fluid
and hot isothermal electrons are (see [6] and [7]):
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where n, n., u, E denote respectively the ion-
density, the electron-density, the ion-fluid velocity
and the electric field. o is the ratio of ion tempera-
ture to electron temperature and p is the ion
pressure.

All the variables have been normalized in the fol-
lowing way:
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where n’ is the number density, u’ the flow density
" the ion pressure, 7’ the temperature, @’ the
electrostatic potential, and x’" and ¢’ are the space
and time coordinates. The primed quantities mean
unnormalized variables and the unprimed ones
denote the normalized variables. i and e denote
respectively the ion and electron and K denotes
Boltzmanns constant.
Using (2), (4), (5) we have,
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Let us seek the solution of the above equation in the
form (¢ being a small parameter)
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If a, @ denote the complex amplitudes of the
plane wave solution of monochromatic emission at
zero order, then we have
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The amplitudes a, a vary slowly as
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together with the complex conjugate of the above
relations.

The dispersion relation that follows from the
solutions (7) to (9) is as follows:
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The second set of equations for 0 (¢?) gives the
secular free condition
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where the group velocity V, is given by
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and b,. b, (complex) and 7, 7. 7p (real) are constants
independent of w but dependent on a, a. They are
determined from the non secular conditions at
higher orders. c.c. denotes complex conjugate.
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Applying the non secularity conditions at 0 (¢*) we obtain
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where 4, 4y, /3 are arbitrary constants. When o = 0, 3, y conform to the parameters ¢;, ¢, (see (30)) of [4]).
Before we derive the nonlinear Schrodinger equation we find that elimination of the resonant terms gives
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here 3{, 7, 7ps are the coefficients of a@in ¥, y and 7,
respectively, and
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Introducing the coordinate transformation de-
fined as
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(25) can be reduced to the nonlinear Schrodinger
equation
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When o=0,=0, 2,=0,P, O, R conform to the
form given by Kakutani and Sugimoto [4].

Q|d*|a+Ra. (30)

Discussion and Conclusion

It was shown by Tanuiti and Yajima [8] and also
Hasimoto and Ono [9] that the plane wave solution
of the nonlinear Schrédinger equation is modula-
tionally unstable if P Q < 0.
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